activity in cell-free extracts of P. pestis strain Tjiwidej. However, Mortlock (16) , in a study of gluconate metabolism by virulent P. pestis, did not confirm the existence of G-6-PD but presented evidence of the presence of 6-phosphogluconic dehydrogenase (6-PGD). Mortlock and Brubaker (17) showed the presence of 6-PGD, but not of G-6-PD, in cell-free extracts of 10 strains of P. pestis. Since these systems could be vital to cell viability, we investigated the effects of APF on permeability of the cell wall and the effects of APF and some fatty acids on the activity of ,B-D-'Presented in part at the 68th Annual Meeting of the American Society for Microbiology, Detroit, Mich., 5-10 May 1968. glucose dehydrogenase (/3-D-GD), 6-PGD, and G-6-PD in vitro.
MATERIALS AND METHODS
APF. The preparation of APF and procedures for estimating its antibacterial activity have been described (7) .
Fatty acids. Fatty acids used in this study were the same as those described previously (8) .
Effect of APF on the morphology of P. pestis. The effect of APF, in broth at 1 mg/ml, on the morphology of P. pestis (107 organisms/ml) was determined by comparing the dimensions of treated and untreated cells, fixed at zero-hour and after holding at 4 and 35 C for 3 hr. Although this concentration of organisms could eventually outgrow the effects of APF, it was chosen to facilitate microscopy. Random fields on slides stained with Wayson's stain (22) were photographed at 1,400 diam, and measurements were made on the negative with a toolmakers microscope (Gaertner Scientific Corp., Chicago, Ill.).
Leakage of material from P. pestis treated with APF. Three tests were-used to determine whether nucleic acids and proteins are lost from P. pestis treated with APF. An example of the approach is as follows. Amounts (2 ml) of a 24-hr growth of the avirulent strain E.V. 76 (approximately 2.0 X 109 organisms/ml) or 2-ml amounts of 10-fold serial dilutions of such a suspension were centrifuged in a Sorvall refrigerated centrifuge at approximately 17 and were incubated at 35 C for 2 to 24 hr. All tubes were centrifuged, and the supernatant fluids were removed and assayed for bacterial products. Ultraviolet absorption spectra were obtained with a Beckman DK-1 spectrophotometer. The concentrations of nucleic acids and proteins were calculated with absorbances at 260 and 280 nm as described previously (8) . The deoxyribonucleic acid (DNA) was also determined chemically (4, 25) . For testing by the Ouchterlony (18) technique, 3-ml samples were lyophilized and reconstituted in 0.3 ml of water. Rabbit anti-E.V. 76 serum was used.
Enzyme studies. The substrates, sodium salt of 6-phosphogluconic acid (6-PG) and the disodium salt of glucose-6-phosphate (G-6-P), the coenzymes, triphosphopyridine nucleotide (TPN) and diphosphopyridine nucleotide (DPN), and the enzymes, 6-PGD and G-6-PD, were obtained from Calbiochem, Los Angeles, Calif. Glycyl-glycine was obtained from the Sigma Chemical Co., St. Louis, Mo. Control and test systems, containing all components except the substrates, were incubated at 35 C for various periods of time; this permitted the APF or the single fatty acid suspension in various concentrations to act on the enzymes. The mixtures were composed of fatty acids in the proportions reported for APF (6) . The fatty acids and their derivatives were suspended in appropriate buffers containing 0.1% gelatin. Upon completion of incubation, appropriate substrates were added to the tubes containing the enzyme systems, and the contents (3 ml) were transferred to quartz cuvettes (Pyrocell Mfg. Co., West- wood, N.J.; light path, 10 mm). Cuvettes with reaction mixtures and blanks were placed in an automatic cuvette holder and positioner (Gilford Instrument Laboratories, Inc., Oberlin, Ohio). Data were recorded with a Servo Riter (Texas Instruments Inc., Houston, Texas) at a chart speed of 6 inches per hr. Absorbance at 340 nm of each of four samples was recorded for 30 sec over a 20-to 40-min period. Straight lines were drawn to connect related points and slopes were calculated. The slope of the control was considered to be a 100% reaction. The slope of test divided by the slope of control X 100 showed the relative activity of the test material; hence, the per cent inhibition would be 100 minus relative activity.
Cell-free extracts of P. pestis. These extracts were prepared from suspensions of avirulent P. pestis strain E.V. 76 grown on Blood Agar Base (Difco).
The suspensions were subjected to sonic oscillation at 10,000 cycles/sec for 8 min in the Raytheon sonic oscillator (model D.F. 101, 250 w maximal input). Bacteria and debris were removed by centrifugation at 17,300 X g for 30 min. The test systems, consisting of appropriate combinations of water, 0.24 M glycylglycine buffer (pH 7.5) or 0.1 M phosphate buffer (pH 7.6), cell-free extract, 0.1 M MgCl2 solution, and APF or potassium laurate, were incubated at 35 C for 30 min. Substrate (0.02 M) mixed with DPN or TPN (1.5 X 10-3 M) was added just before placing the system in the spectrophotometer, and the change in absorbance was recorded.
RESULTS
The evidence of the present study suggests that APF and fatty acids exert an anti-P. pestis influence by interfering with certain enzymatic functions.
Morphological change. Exposure of cells to 0.1 mg of APF per ml had no apparent effect on the qualitative appearance of stained cells and there was no evidence of lysis. ( Table 2 ). APF which completely killed an inoculum of 1.4 X 103 organisms/ml of broth completely inhibited ,B-D-GD and 6-PGD. Neither sample of APF inhibited the G-6-PD systems.
Effects of some fatty acids on enzyme systems.
The fatty acids in greatest concentration in mouse liver APF were tested for effects on the oxidation of f3-D-G, 6-PG, and G-6-P. Mixtures of the fatty acids in concentrations present in APF (6) were also treated. The composite data are presented in Table 3 0.2 ml of 0.1 M Mg++. EDTA had no effect, but 0.33 ,tmole of lauric acid per ml blocked the system completely ( Table 4) .
Effects of APF and potassium laurate on enzymes of a cell-free extract of P. pestis strain E.V. 76. Both APF and potassium laurate inhibited the oxidation of 6-PG added to a cell-free extract of P. pestis (Table 5) . No evidence for the presence of f-D-GD or G-6-PD was obtained in tests with 6 (12) ; and the action of free fatty acids to control the actions of glycolytic enzymes (26) .
Our data show that fatty acids characteristic of APF inhibited the oxidation of 6-PG and G-6-P but not of 8-D-G. The saturated fatty acids most active against P. pestis, namely, lauric, myristic, and palmitic (8) , were also the most inhibitory, along with oleic and linoleic acids, for the enzyme systems. On the other hand, APF inhibited both ,B-D-G and 6-PG systems but did not inhibit the oxidation of G-6-P. No explanation is offered for these differences in activities of APF and fatty acids.
Although a cell-free extract of P. pestis strain E.V. 76 contained 6-PGD which was inhibited by both APF and potassium laurate, no specific enzymes for (3-D-G or G-6-P were detected. Strecker (23) observed that the activity of glucose dehydrogenase may be competitively inhibited by various substrates and that compounds related to the coenzyme DPN may also compete. These observations may explain our inability to detect ,B-D-GD. As for the apparent absence of G-6-PD, our observations are consistent with those of Mortlock (16) and Mortlock and Brubaker (17) .
Although P. pestis contains 6-PGD and the enzyme is inactivated by APF and fatty acids, we have no evidence that these agents can enter the bacterial cell. Possibly, they enter the cell without altering the permeability of the wall or membrane.
Although the killing of P. pestis by APF and fatty acids may be correlated with their antienzyme activities, the possibility exists that killing is not directly related to the inactivation of enzymes.
